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ABSTRACT 


For fast detection of faults, wavelet entropy based fault detection scheme is proposed in this paper and tested its 
performance on long transmission line power network. For extraction of frequency components, discrete wavelet transform 
(DWT) is used. Since the fault transient phenomena are clearly identified by daubechies family, db4 coefficients are used 
for calculation of entropies. This scheme later tested on the transmission line network with various types of faults at 
different fault locations, inception angles, and fault resistances. All these cases are investigated in MATLAB-SIMULINK 


software environment. 
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INTRODUCTION 


In Power system components, various sources are interconnected through transmission lines. When these lines are long in 
structure, the chances of fault occurrence are high. These faults need be detected quickly and accurately to protect healthy 


system by isolate the faulty component. Several schemes were proposed in this fault detection area [1]-[2]. 


Among all approaches, wavelets are extensively used in fault detection, classification and location tasks [3]-[10]. 
Wavelet Transform (WT) used for protection of various transmission line networks like two end transmission links, 
parallel transmission lines and teed-networks. The performance of these WT based approaches purely depends on the 
mother wavelet function and decomposition level coefficients. The performance of the schemes alters based on these 
selections. For most of the fault detection schemes, first and second level decomposition coefficients of Daubechies 4 (db4) 
wavelet family are used for fault detection and later these information are extended to classification and location of the 
faults [2]. Further wavelet transform is applied for protection of parallel transmission lines. Boundary protection of series 
compensated transmission lines using DWT with db4 as a mother wavelet is presented in [5]. Instead of taking individual 
instantaneous phase currents, a model signal is taken with three phase currents and it is processed further through wavelet 
filters to extract frequency components. The paper has also used level-1 decomposition coefficients and finally the 
abnormal condition is detected by using a threshold value (0.3). In the paper, threshold values are selected from extensive 


case studies. In [6], a combined wavelet and artificial neural network (ANN) approach is introduced where the energy 
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spectra of the level-5 approximation and the level-3 detail coefficients of three-phase currents are used for fault detection. 
Several other works were reported in [7]-[14] for transmission line fault detection using features of the wavelet transform. 
In this paper, wavelet entropy concept with ‘haar’ wavelets is implemented for detection of faults. The same method is 


useful for faulty phase classification also whose results are provided in next sections. 
WAVELET ENTROPY CONCEPT FOR FAULT DETECTION 


Wavelet transform (WT) is a powerful tool in the analysis of transient phenomena in power systems. It has the ability to 
extract information from the transient signals simultaneously in both time and frequency domains and has replaced the 
Fourier analysis in many applications. This ability to tailor the frequency resolution can greatly facilitate the detection of 
signal features that may be useful in characterizing the transient cause or the state of the post disturbance electrical system. 
The recorded transient waveforms in power system may contain unique signatures revealing the causes of the 
corresponding transient events. To automatically analyse those recorded waveforms, an important step is to find out those 
signatures. Due to the non-stationary property of the transient signals, traditional analysis methods such as Fourier 
Transform are not very suitable for this task. Unlike Fourier Transform, Wavelet Transforms use fast decaying kernel 
functions, which may better represent and analyse the transient signals. The main characteristic of the WT is that it uses a 
variable window to scan the frequency spectrum, increasing the temporal resolution of the analysis. The suitability of 


application of DWT for fault detection and classification process is already available in [4] and it is expressed as, 
w,(a,b) = J, x(t). Pap(t). at (1) 


Where x(t)is the signal to be transformedand ~,,(t)is the transformation function (mother wavelet function). 
In this paper, single level one dimensional decomposition using ‘Haar’ wavelet family is used. In this paper, Shannon 


entropy is calculated using the detailed coefficients given by 
Ej = — Dhar Ej log Ex (2) 
The energy calculated from the equation (2) is given by 
Ere = (Dk)? 3) 
When this energy exceeds predefined threshold, a fault can be registered. 

SYSTEM STUDIED 


A power system model shown in Fig 1 is considered for implementation proposed method. This test system specifications 
are 400 KV, 50 Hz with positive and zero-sequence impedance (per km base) of the transmission line are (0.03 + j 0.34) Q 
and (0.28 + j 1.04) Q respectively. The FD utilized instantaneous current signal with! kHz sampling rate for verification of 


case studies. 
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Figure 1: Test System for Studying the Proposed Scheme. 
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SIMULATION RESULTS 
Various faults are investigated on test system to show the dependability of the proposed scheme. 


Performance of detection scheme during LG faults: Three LG faults are simulated to test the dependability of the 
proposed method. Initially AG fault is tested with fault location of 135 km, 0.05 sec inception time of fault with fault 
resistance of 300. Fig 2 shows the corresponding simulation result of the method. Later, BG fault is tested with fault 
location of 180 km, 0.07 sec inception time of fault with fault resistance of 50Q. Fig 3 shows the corresponding simulation 
result of the method. Next, CG fault is tested with fault location of 150 km, 0.04 sec inception time of fault with fault 
resistance of 20Q. Fig 4 shows the corresponding simulation result of the method. From all these Figures from 2 to 4, 


faulty phase identification is also achieved with the proposed scheme along with fault detection. 
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Figure 2: Detection Results of Wavelet Entropy Method for AG Fault. 
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Figure 3: Detection Results of Wavelet Entropy Method for BG Fault. 
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Figure 4: Detection Results of Wavelet Entropy Method for CG Fault. 





Performance of detection scheme during LL faults: Three LL faults are simulated to test the dependability of the 
proposed method. Fig 5 shows the response of the fault detection scheme when the AB type fault is tested with fault 
location of 80 km, 0.06 sec inception time of fault with fault resistance of 10Q.From Fig 5 it is clearly evident that the 
phase selection is quite easy during faults. When the faults are replaced by BC and AC faults, the responses of the method 
are presented in Fig 6 and 7. For these two cases, location of the transmission line is 220 km, inception time 0.055 sec and 


fault resistance of 1 Q. 
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Figure 5: Detection Results of Wavelet Entropy Method for AB Fault. 
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Figure 6: Detection Results of Wavelet Entropy Method for BC Fault. 
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Figure 7: Detection Results of Wavelet Entropy Method for AC Fault. 


Performance of detection scheme during LLG faults: Three LLG faults are possible in transmission lines which 
are simulated to test the dependability of the proposed method. Initially ABG fault is tested with fault location of 235 km, 
0.05 sec inception time of fault with fault resistance of 10Q. Fig 8 shows the corresponding simulation result of the 
method. Later, BCG fault is tested with fault location of 80 km, 0.07 sec inception time of fault with fault resistance of 
10Q. Fig 9 shows the corresponding simulation result of the method. Next, ACG fault is tested with fault location of 280 
km, 0.08 sec inception time of fault with fault resistance of 20Q. Fig 10 shows the corresponding simulation result of the 


method. From all these Figures from 8 to 10, faulty phase identification is also achieved with the proposed scheme along 


with fault detection. 
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Figure 8: Detection Results of Wavelet Entropy Method for ABG Fault. 
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Figure 9: Detection Results of Wavelet Entropy Method for BCG Fault. 
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Figure 10: Detection Results of Wavelet Entropy Method for ACG Fault. 
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Performance of detection scheme during 3-phase fault: Along with aforementioned unsymmetrical faults, the 


performance of 3-phase fault is investigated in this case. For this case, 3-phase fault is created at 200 km initiated at 0.03 


sec with a fault resistance of 5Q is simulated and corresponding results are presented in Fig 11. 
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Figure 11: Detection Results of Wavelet Entropy Method for ABCG Fault. 


Performance of detection scheme during far end fault: The scheme is reliable when it provides accurate decisions 


during typical faults. For this, AG fault is located at 290 km with fault resistance of 5Q initiated at 0.04 sec is simulated 


and detected by the proposed method shown in Fig 12. 
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Figure 12: Detection Results of Wavelet Entropy Method for Far-end LG Fault. 


Performance of detection scheme during high resistive ground fault: The proposed method is tested for BG fault 


with fault resistance of 150© located at 100 km. The scheme provided correct decision during high resistive faults along 


with normal faults. Fig 13 shows the corresponding results. 
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Figure 13: Detection Results of Wavelet Entropy Method for High Resistive BG Fault. 


CONCLUSIONS 


In this paper, wavelet entropy based fault detection scheme introduced for transmission line fault detection and faulty 


phase classification. The method is simple and produced reliable detection decisions during all types of normal faults. This 


method also yields accurate decisions during typical far end and high resistive faults. In all cases, the detection decisions 


generated within one cycle from the fault inception shows the speed of the protection scheme. 
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